united states Patent Application: uu iuuziuuu 



lfll V I Al I / K 



20010021000 
A1 

September 13, 2001 



United States Patent 
Application 
Kind Code 

Egami, Norihiko ' 

Apparatus aT^method for manufacturing liquid crystal 
display 

Abstract 

A liquid crystal display 100 provided in which two transparent 
substrates are correctly positioned. For th.s purpose, a low r 
drawing' station 24 disposed below a lower substrate 1 2 and 
movable in the horizontal direction includes holes 48- in its 
portion faced with the lower substrate. An upper drawing sta . on 
28 disposed above an upper substrate 14 includes holes 54 in 
fts Son faced with the upper substrate. A void- free elastic 
sheet 50 is disposed between the lower substrate 12 and me 
lower drawing station 24 or between the upper substrate 14 and 
the upper drawing station 28. 
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What is claimed is: 

1 An apparatus for manufacturing a liquid crystal display in 
whfch £ crystal material is dropped on a lower substrate 
formed by a transparent material, and an upper substrate 
o med by a ransparent material is provided on the quid cry ; tal 
material- in a vacuum, thereby holding the liquid crystal material 
between The lower and upper substrates, comprising; a lower 
rifawinc i station disposed below said lower substrate and 
movabfe in he horizontal direction, the lower drawing station 
having a surface portion opposed the lower substrate and 
termed wUh a plurality of suction holes therein; and an upper 
drSg station disposed above the upper substrate the upper 
d aw s a on having a surface portion opposed he upper 
subs "at and formed with a plurality of suction holes therein, 
and an elastic sheet provided between the- lower substrate and 
fhe lowe drawing station and/or between the upper substrate 
and the upper drawing station, the elastic sheet is made of 
member in which substantially no independent void 
communicated to the atmosphere -is enclosed therein. 

■9 An aooaratus for manufacturing a liquid crystal display of 
ciatm 1 wherein the elastic sheet is made of silicon or fluorine 
material. 

3 An apparatus for manufacturing a liquid crystal display of 
c ,atm 1 wherein the elastic sheet has a plurality of through- 
holes extending through the elastic sheet. 

a An apparatus for manufacturing a liquid crystal display of 
o\Z 3 wherein each through hole of said elastic sheet is 
noaitioned so as to communicate with an associated each one 
of the suction holes of the drawing station adjacent to the 
elastic sheet. 
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5 An aoparatus for manufacturing a liquid crystal display of 
claim 3', wherein an inner diameter of the through holes is 5 mm 
or less. 

6 An apparatus for manufacturing a liquid crystal display of 
claim 3 wherein the through-holes of the elastic sheet are 
formed in an area containing the suction holes of the drawing 
station adjacent to the elastic sheet. 

7 An apparatus for manufacturing a liquid crystal display of 
claim 3 wherein the through-holes of the elastic sheet occupies 
10% or more of an area containing the suction holes of the • 

drawing station adjacent to the elastic sheet. 

8 An apparatus for manufacturing a liquid crystal display of 
claim 3 wherein a surface of the elastic sheet faced with the 
lower substrate bears a sheet made of polyethylene, the 
polyethylene sheet being formed with through holes 
corresponding to the through-holes of the elastic sheet. 

9 An apparatus for manufacturing a liquid crystal display of 
claim 3 wherein a surface of the elastic sheet faced with the 
lower substrate is provided with a layer made of fluorine or 
Teflon and formed with through holes corresponding to the 
through holes of the elastic sheet. 

10 A method for manufacturing a liquid crystal display, 
comprising the steps of: providing a lower drawing station 
having a lower support surface; positioning an elastic sheet on 
the lower support surface, the lower elastic sheet being made of 
a void-free member in which substantially no independent void 
communicated to the atmosphere is included therein; drawing 
the elastic sheet to the lower drawing station; positioning a 
lower transparent substrate on the lower elastic sheet, 
positioning a liquid crystal material on the lower transparent 
substrate; providing an upper drawing station having an upper 
support surface; positioning an upper transparent substrain 
th« -ooer suooort surface; drawing the upper transparent sheet 
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to the upper drawing station; and in a -vacuum, moving the 
upper drawing station toward the lower drawing station so that 
the upper transparent substrate contacts with the liquid crystal 
material oositioned on the lower transparent substrate and 
thereby the liquid crystal material is extended between the lower 
and the upper substrates. 

1 1 A method for manufacturing a liquid crystal display in 
accordance with claim 10, where in the elastic sheet includes a 
number of through-holes so that the lower substrate is drawn 
through the through -holes to the lower drawing station. 

Description 



FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus and 
method for manufacturing a liquid crystal display used for an 
image display panel of a computer apparatus, a television set, 

etc. 

BACKGROUND OF THE INVENTION 

[0002] FIG 6 is a drawing schematically showing a cross 
section of a liquid crystal display. As shown in the drawing the 
liquid crystal display 10 comprises a lower substrate 12 made of 
a transparent material (such as glass), an upper substrate 1 4 
formed equally by a transparent material, and a liquid crystal 
material 16 held' between the lower substrate 1 2 and the upper 
substrate 14. Although not shown in FIG. 6, electrodes are 
formed on surfaces of the lower substrate 1 2 and the upper 
substrate 14 The lower substrate 12 and the upper substrate 14 
are bonded to each other by an adhesive 18 applied 
continuously along peripheral edge portions or the lower 
substrate 1 2 and the upper substrate 14. I he adhesive 18 . 
contains ball-like spacers 20 each having a certain diameter of 
about 5 mu m, for example. This results in a constant gap, 
aooui d ^ f hQ cnprinn halls, between 

normally identical to me d^mei-i <j-. m-^ bpdwi..« 
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the lower and upper substrates 12 and 14. 

[0003] The liquid crystal display 1 0 is manufactured through 
steos shown in FIGS. 7A to .70. Specifically, the adhesive 18 ■ 
capable of being hardened by the exposure ot an ultravio ei ay 
is applied continuously along a peripheral edge portion of a top 
surface of the lower. substrate 12 (FIG. 7A). Although not shown 
in the drawing, the adhesive 18 contains the spacers 20 shown 
in FIG 6 A typical thickness of the adhesive- 1 8 applied to the 
substrate 12 is about 30 .mu.m. Then,. the liquid crystal materia! 
16 is dropped evenly within an area of the top surface ot the 
lower substrate 12, defined by the adhesive 18 (FIG. 73) 
Subsequent to this, the lower substrate 1 2 together with the 
liquid crystal material 16 is placed on a lower. drawing station 24 
through an elastic sheet 22 interposed, in between (FIG. 7CJ. 
The upper substrate 1 4 supported by an upper drawing' station 
28 is thereafter lowered toward and pressed onto the lower 
substrate 1 2 in a vacuumed atmosphere 26. This causes the 
liquid crystal material 16 to extend in all directions between the 
substrates 12 and 14. The lower drawing station 24 is thereafter 
moved in the horizontal direction, to thereby correctly position 
the lower substrate 1 2 with respect to the-upper substrate 14. In 
this condition, the upper drawing station 28 together with the 
upper substrate 14 is further descended, so that a pressure is 
applied until the gap. between the lower and upper substra es 12 
and 14 reaches a predetermined value substantially equal to he 
diameter of the spacers. At last, the adhesive 18 is exposed to 
an ultraviolet ray 32 irradiated from an ultraviolet lamp 30 so 
that it is hardened (FIG. 70) to complete the liquid crystal 
display 10: 

[000^] However, in the conventional apparatus for 
manufacturing a liquid crystal display, the elastic sheet 22 
disposed between the lower substrate 1 2 and the lower drawing 
' station 24 includes a number of small voids. ' D.sadvantageou^ 
each void expands in the vacuumed atmosphere 26. As a result, 
when biasing the upper substrate 14 to the lower substrate 12 
the- expanded voids causes an unwanted horizontal movement 
of the lower substrate 12 relative to the uoper substrate 14 thai 
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has been correctly positioned to the other in the previous 
positioning stage. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, an object of the present invention is to 
provide an apoaratus and method for manufacturing a liquid 
crystal display, which prevents a lower substrate or an upper 
substrate from moving from the other while the upper substrate 
is pressed against the lower substrate, and thereby allows to 
obtain a liquid crystal display in which a lower substrate is 
correctly positioned with respect to an upper substrate. 

[00061 To this end, an apparatus for manufacturing a liquid 
crystal display includes a lower drawing station disposed below 
the lower substrate and movable in the horizontal direction. The 
lower drawing station has a surface portion opposed the lower 
substrate and formed with, a plurality of suction holes therein An 
upper drawing station disposed above the upper substrate has a 
surface portion opposed the upper substrate and formed with a 
plurality of suction holes therein. An elastic sheet is provided 
between the lower substrate and the lower drawing station 
and/or between the upper substrate and the upper drawing 
station Advantageously, the elastic sheet is made of member in 
which substantially no isolated void is enclosed therein. 
Examples of the-material of the elastic sheet are silicon or 
fluorine material. 

[0007] According to the present invention, the elastic sheet 
positioned between the substrate and the drawing station 
presents substantially no expansion in a vacuum. This allows the 
elastic sheet to deform only in the biasing direction (i.e., vertical 
direction) but not in another direction (i.e., horizontal direction) 
perpendicular to the biasing direction when it is pressed 
between the upper and lower substrates. Therefore a positional 
relationship (i.e., horizontal relationship) between the upper and 
lower substrates, which has been determined in. the previous 
stage, is maintained in the subsequent process made in the 
vacuum and also in the final product. 
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[0008] In another aspect of the present invention, the elastic 
sheet has a olurality of through-holes extending through the 
elastic sheer This allows the vacuum to be applied through xhe 
elastic sheet to the adjacent substrate, preventing the 
movement of the substrate relative to the drawing station. 

[0009] In addition, a method for manufacturing a liquid crystal 
display includes 

[0010] providing a lower drawing station having a lower support 
surface; 

[001 1 ] oosit.oning an elastic sheet on the lower support 
surface ' the lower elastic sheet being made of a void-free 
member in which substantially no independent void 
communicated to the atmosphere is included therein, 

[001 2] drawing the elastic sheet to the lower drawing station; 

[0013] positioning a lower transparent substrate on the lower 
elastic sheet; 

[0014] positioning a liquid crystal material on the lower 
transparent substrate; 

[0015] providing an upper drawing station having an upper - . 
support surface; 

[0016] positioning an upper transparent substrate on the upper 
support surface; 

[001 7] drawing the upper transparent sheet to the upper 
drawing station; and 

[0018] in a vacuum, moving the upper drawing station toward , 
he lower drawing station so that the upper transparent substrate 
con acts with the liquid crystal material positioned on the lower 
■transparent substrate and thereby the liquid crystal material is 

h,rn://aooft1 .ysgto.gov/netacgi/nph-Parser7Sect1 =PT01 &Sect2=HiTOF... 03-02-27 



united states Katent Application: uuiuu^iuuu mlulAI ° 1 1 "■ 

extended between the lower and the upper substrates. 
BRIEF DESCRIPTION OF THE DRAWINGS 

r0019l FIG 1 is a cross sectional view showing a portion of the 
apparatus for manufacturing a liquid crystal display according to 
the present invention; 

[0020] FIG 2 is a cross sectional view which shows, as FIG. 1 , 
the apparatus for manufacturing a liquid crystal display 
according to the present invention, and a process for 
manufacturing a liquid crystal display; 

[0021 1 FIG 3 is a cross sectional view which shows, as FIGS. 1 
and 2 the apparatus for manufacturing a liquid crystal display 
according to the present invention, and a process for 
manufacturing a liquid crystal display; 

[00221 FIG 4 is a cross sectional view showing the apparatus 
for manufacturing a liquid crystal display according to the other, 
preferred embodiment of the present invention, and a process 
for manufacturing a liquid crystal display; 

[0023] FIG 5 is a cross sectional view showing the apparatus 
for manufacturing a liquid crystal display. according to another 
preferred embodiment of the present mvent.on, and a process 
for manufacturing a liquid crystal display; 

[0024] FIG. 6 is a cross sectional view schematically showing a 
liquid crystal display;. and 

r 0025] F1GS 7A to 7D are cross sectional views for describing 
various processes for manufacturing a liquid crystal display. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] With reference to the attached drawings, apparatuses for 
manufacturing a liquid crystal display according to the prererred 
embodiments of.the present invention will be described 
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hereinafter. In the drawings, like parts are designated by like 
reference numerals. 

[0027] First Embodiment 

[0028] FIGS 1 through 3 show a part of an apparatus for 
manufacturing a liguid crystal display (hereinafter referred to 
"manufacturing system") 100 according to the first preferred 
embodiment and a process for manufacturing a liquid crystal 
display using the manufacturing system 100. In FIGS. 1 through 
3, the manufacturing system 100 comprises a 
d 0 The vacuum container 40 includes a housing 42 that defines 
a chamber therein and an opening at the top portion of the 
chamber The container 40 also includes a lie I 44 for clos.no the 
chamber at the top opening of the housing 42. Further, a 
bottom portion or wall 45 of the container 40 has a number of 
sZTSes or passages (not shown) fluidly connecting between 
the interior and exterior of the container 40. The small holes are 
also fluidly connected through another passage 43a to a 
vacuum source or pump 43b so that the chamber can be 
vacuumed by the driving of the vacuum source 43b. 

[0029] The lower drawing station 24, which is disposed on the 
bottom wall 45 in the container 40, includes a lower plate 46. 
The lower plate 46, formed at its top surface with a 
predetermined flatness, is positioned in the < =hamb~r and 
drivingly connected to a drive mechanism 47 by which the plate 
A6 is moved in a first horizontal direction and a second 
ho rizoZl direction perpendicular to the first horizontal direction. 
Also an entire or a part of the lower plate 46 is formed with a 
number of suction holes 48, each extending between its . top and 
bottom surfaces, at a certain density or at certain intervals. This 
anows that when the lower plate 46 is placed on the bottom wall 
45 The suction holes 48 are communicated with the vacuum 
source 43b This in turn allows a member placed on the plate 
A6 i e an elastic sheet and the lower substrate described in 
detail below, to be attracted and securely held onto the top 
surface of the plate 46 by the introduction of vacuum into me 
suction holes 48. 
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[0030] An elastic sheet 50 is disposed on the top surface of the 
owe Plate 46. Preferably, the sheet 50 may be made from a 
sheet including therein no isolated void having a diameter of 
about 0 5 mm or more (i.e., void-free sheet). Also preferably 
f h °°vo°d- f ree sheet 50 represents an expansion rate of less than 

under the gauge pressure of -100,980 Pa whip us a 
rplativfi oressure against the atmospheric pressure that is 
defined as zero Pa Examples of the elastic sheet 50 include 
silicon rubber and fluorine rubber. 

[0031 ] The elastic sheet 50 bears a lower transparent substrate 
2 holding an adhesive 18 and a liquid crystal material 6 both 
of which are applied or dropped in previous processes for 
manufacturing a liquid crystal display. 

[0032] Then, an upper transparent substrate 14 is Placed over 
and pressed onto the lower substrate 1 2 as shown in FIGS. 2 
Ind 3 whfch is shown in FIG. 2: In this process, an upper 
drawing station 28 is positioned inside the housing 42^ The 
uoper drawing station 28 comprises a rigid upper plate 52. 
Preferably, the upper plate 52 includes a bottom , surrace having 
a oredetermined flatness. Further, a portion of the upper Plate 
1 2 miking a contact with the upper substrate 14, is formed with 
fnumberof suction holes 54 at a certain density ■ o, --tain 
intervals The suction holes 54 are communicated to the vacuum 
source 43b through a passage 43c so that a vacuum is 
fntmducec I into the suction holes 54, holding a member, i.e.. an 
upper subsirate described in detail later, on the bottom surface 
of the upper plate 52. 

[00331 A sealing member 56, preferably made from an endless 
elastic rfng is suitably disposed between an outer peripheral 
port on of the upper plate 52 and the housing 4£ thereby 
rrpatino a sealed space 58 under the upper plate 52 The upper 
n ate 52 ?s supported at one end of a shaft 60 extending through 
a through-hoTe defined in the lid 44. The opposite end of the 
shaft 60 is drivmgly connected to an elevating mechanism 62 
t~ . ?6 « °hP ''d 44 so that by the operation of the elevator 
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mechanism 62 the upper plate 52 moves ups and downs. 

[0034] In the operation for bonding the lower substrate 12 to 
the upper substrate 14, the upper substrate 1 4 is positioned on 
a predetermined bottom-surface area of the upper plate o2 and 
then held by the vacuum introduced in the suction holes 54. 
Then the upper plate 52 holding the upper substrate 14 is 
placed in the housing 42 as shown in FIG. 2. At this moment, 
the lid 44 is fixed to the housing 42. Next, the vacuum is also 
introduced into the sealed space 58 of the housing 42, adjacent 
to the bottom surface of the housing, as well as the suction 
holes 48 of the lower plate 46. 

[0035] Then the elevator mechanism 62 is driven to thereby 
lower the upper plate 52. This results in that the upper substrate 
14 is brought into contact with the adhesive 18 and the liquid 
crystal material 16 supported on the lower substrate 1 2 
extending the adhesive 18 and the liquid crystal material 16 in all 
horizontal directions. The drive mechanism 47 then moves the 
lower plate 46 horizontally before a gap between the upper 
substrate 14 and the lower substrate 12 becomes a 
predetermined value (e.g., 5 .mu.m), whereby the lower 
substrate 12 is positioned properly relative to the upper 
substrate 14 in the horizontal directions. 

[0036] After positioning, the upper plate 52 is further lowered, 
and the upper substrate 14 is pressed against the lower 
substrate 12 until the gap between the upper substrate 14 and 
the lower substrate 12 becomes the predetermined value (e.g., 
5 mu m) At this stage, since the elastic sheet 50 made from 
void-free sheet presents substantially no expansion by the 
vacuum introduced into the sealed space 58, the lower 
substrate 12. stays still with respect to the horizontal directions 
as the upper substrate 14 is pressed against the lower substrate 
12 Hence once the lower substrate 12 and the upper substrate 
14 are positioned in place with respect to the horizontal 
directions, the horizontal positional relationship between the 
lower substrate 12 and the upper substrate 14 is maintained 
until the final step- of the manufacturing processes. ■ 
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[0037] When the gap between the upper substrate 14 and the 
lower substrate 12 is reduced to the predetermined value, the 
vacuum is removed from the sealeo .space 58, and the upper 
plate 52 together with the liquid crystal display 10 is taken out 
from the housing 42. The liquid crystal display 10 is then 
exposed to an ultraviolet ray, hardening the adhesive 1 8 to 
obtain the final product (see FIG. 7D). 

[0038] Second Embodiment 

[00391 FIG * shows another manufacturing system 100'. 
according to the second embodiment. -In the manufacturing 
system 1 00', an elastic sheet 70 provided on the lower plate 46 
is formed with a plurality of through-holes 72. The through- 
holes 72 are arranged in the same manner or intervals as 
suction holes 48 formed in the lower plate 46. This allows. that, 
when the elastic sheet 70 is placed in position on the lower 
plate 46 the through-holes 72 communicate with the 
corresponding suction holes 48, respectively. 

[0040] With the arrangement of the manufacturing system 100', 
the vacuum introduced into the suction holes 48 of the lower 
olate 46 acts upon a bottom surface of the lower substrate 2 
through the 'through holes 72 of the elastic sheet 70. This allows 
he lower substrate 1 2 to be correctly positioned on and relate 
to'the lower plate 46. Also, a horizontal movement of the lower 
substrate 12 is effectively prevented. Further, by the existence 
of the through-holes 72, the lower substrate 1 2 is attached to 
the elastic sheet 70 without leaving any space therebetween. 
This in turn means that an elastic material having a higher 
deformability can be selected for the elastic sheet 70. In this 
instance, the lower substrate 12 deforms in accordance with tne 
configuration of the opposing surface in the upper plate 14, 
ensunng a constant gap at every portion between the upper and 
lower substrates 12 and 14. 

[0041 ] Advantageously, for an effective attraction of the lower 
substrate 12. an. open ratio of the through-holes 72 in tne 
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elastic sheet 70, i.e., an area of the through-holes 72 to an area 
o the sheet being in contact with the lower substrate 1 2, ,s 
■p Jerably about 10% or more. Also, an excessive enlargement 
o each through-hole 72 will results in a deformation of an 
opposing porhon of the substrate 1 2. For this reason, a 
dimeter of each through-hole 72 should be about 5 mm or 
iJss Also in order to allow the vacuum introduced in the 
suction holes 48 of the lower plate 46 to effectively act on the 
fower substrate 12, the through-holes 72 should be formed a 
Kfed area where the elastic sheet 70 brings into contact w,th 
both the lower plate 46 and the lower substrate 1 2. 

[0042] Third Embodiment 

mru^l FIG 5 shows another manufacturing system 100" 
accSing to the third embodiment. In the manufacturing system 
Vq0 ? s im°a? to the second embodiment, the elastic sheet 70 .s 
ormed with through holes 72. In addition a ^ste* 80 
preferably made of polyethylene, is provided between the elastic 
sheet 70 and the lower substrate 12. The fissile sheet 80 is 
p h rm d wfth a plurality of through-holes 82 com^n,ca ng w^ 
resoective through holes 72 of the elastic sheet m This allows 
he vacuum introduced in the suction holes 48 of the lower plate 
46 to be transmitted through the through-holes 72 .of the elastic 
sheet 70 and the through-holes 82 of the fissile sheet 80 and 
thereby effectively applied to the lower surface or the lower 
substrate 1 2. 

[0044] With the manufacturing system 100' using the fissile _ 
sheet 80, at the removal of the pressed liquid crysta display, the 
fissile sheet 80 allows the lower substrate 12 to be removed 
111 ilv from the lower drawing station 24. Thererore, no 
rnwaUe°d force or any deformation caused thereby ^ ^ 
' in the lower substrate 1 2 at the separation of the lower substrate 
12 from the lower drawing station 24. 

[0045] Instead of the polyethylene sheet, a fluorine or 
polytetrafluoroethylene layer may be provided on a surface of 
, h . .ipstic =heet. opposing to the lower substrate. In this 
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,nstance, the fluorine or polytetrafluoroethylene layer may be 
formed with through-holes corresponding to those o, elastic 
sheet. 

[0046] Although the elastic and the fissile sheets are disposed 
between the lower substrate and the lower plate in the previous 
embodiments, the elastic and the release sheets may be 
disposed between the upper substrate and the upper plate. 

[0047] As described above, with the systems for manufacturing 
he liquid crystal display according to the present invention in 
he process for holding and then pressing the liquid crystal 
material between the two substrates, the two substrates can be 
ma n Lined in positions without any offset in the horizontal 
Xcttons Further, the liquid crystal display is removed from the 
s stem without any deformation of the liquid crysta display 
immediately after the substrates has been bonded to each 
other. 
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